SUMMARY
Pathological conditions producing pain in humans lead to the perception of damaged tissue (nociception) from multiple sites within the body, are evoked by multiple different types of stimuli and produce behavioral, reflex and neurophysiological responses. Models of pain in nonhuman animals have allowed for an improved understanding of the mechanisms of pain and serve as predictors of the potential clinical efficacy of analgesic manipulations. Nonhumans are not able to * For the introduction of Dr. Ness, please refer to Chapter 28. report pain in the sophisticated way of humans and so experimental paradigms need to be assessed regarding their validity as models of pain. Ideal models use an easily controlled, reproducible stimulus which is pain-producing in humans to produce aversive behaviors in the species being tested. Ideally, responses to this stimulus are quantifiable, reliable, reproducible and are altered by modifiers known to affect a particular clinical pain such as known analgesics or conditions producing hypersensitivity (i.e., inflammation). Using a site-stimulus-response-modifier descriptive nomenclature, the present chapter will describe currently employed models of pain.
INTRODUCTION
Our understanding of pain has increased markedly in the recent past with an expansion of model systems from the use of brief cutaneous stimuli to clinically relevant stimuli and models of specific disease processes. With the characterization of such models it is possible to move beyond general statements related to "pain" and "pain mechanisms" and instead investigate the sensory consequences of specific pathophysiologies. Clinically, pain is not a single entity and so there is value in developing models of the various types of pain. In order to maintain scientific integrity related to such pain models, certain criteria should be met that establish the validity of the particular model in relation to a particular pathophysiology.
ADEQUATE NOXIOUS STIMULI
Key considerations in the development of models for the study of pain relates to understanding what constitutes an "adequate" stimulus and what constitutes a "noxious" stimulus. The Nobel laureate, Sherrington, considered by many to be the father of modem neurophysiology, provided a definition of an adequate stimulus as that which optimally and selectively activated a particular neural structure or produced a particular response. He also defined noxious stimuli to be those stimuli which produce or predict tissue damage.
These definitions have remained in place with only minor modification to this day. There are special conditions of pain in which these definitions do not wholly apply. One of these is pain arising from the internal organs of the body where frank tissue damage does not reliably produce pain and in which non-tissue damaging stimuli such as filling of the gall bladder may produce pain. Hence, it is more correct to describe nociceptive stimuli as "pain-producing" (which requires it to have been tested in humans) or "algogenic" rather than as noxious.
Use of non-human animal subjects which cannot report a sensation as painful has prompted a need for additional "evidence" that stimuli are likely algogenic within a given species. Such evidence is that the same stimulus which produces pain in humans also produces aversive behaviors in the studied species and produces responses which are modified by analgesic manipulations known to reduce that type of pain in humans (e.g., morphine). What constitutes aversive behaviors is a matter of debate but the best evidence of the aversiveness of a stimulus would be the use of learning models employing operant behavioral paradigms. The simple demonstration of reflex responses that appear related to pain (i.e., alterations in blood pressure), although supportive of the stimulus being algogenic, are too nonspecific to be definitive.
ALGOGENIC STIMULI
Stimuli which have been employed in studies related to pain can be generally categorized into four groups: electrical stimuli, mechanical stimuli, chemical stimuli and ischemia. Electrical stimuli have utilized implanted electrodes or probes which allow direct tissue contact. This stimulus is easily quantified, easily controlled and can produce pain, but also produces other sensations which are generally described as "unnatural." Thermal stimulation is provided by radiant heat (including pulsed laser), by immersion in solutions and using contact probes of constant or variable temperatures. Highly quantifiable and controllable, thermal stimuli can be relatively "modality specific" for thermal pain with minimal uncontrolled aspects of stimulation. Mechanical stimuli have included pinch, probing and stretch. Mechanical stimuli are also easily quantified, easily controlled, can be isolated and are related to a natural stimulus. Chemical stimuli have been applied topically or by injection to produce direct activation of neural structures or to induce alterations in tissue chemistry such as happens with inflammation. Quantification, control, isolation and modality-specificity of chemical stimuli are very preparation dependent. Ischemia has been produced by either internal or external occlusion of vasculature which also produces a mechanical stimulus. The effects of such occlusion are dependent upon collateral bloodflow and metabolic activity of the selected organ.
NOCICEPTIVE RESPONSES
Humans use tissue damage-related descriptors (e.g., burning) when describing their pain. Hence, the term nociception, defined as the perception of damaged tissue, is appropriate to use in relation to studies of pain. A perception of tissue damage is present even if none is occurring. It is presumed that non-human animals have similar perceptions. Reflex responses to
